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METHOD AND APPARATUS FOR CONTINUOUS FORMATION AND 
LIFT-OFF OF POROUS SILICON LAYERS 

Related Applications 

[0001] This application is a continuation-in-part, and hereby claims priority to 
and incorporates by reference the entire disclosure, of co-pending U.S. Patent Application 
No. 09/802,756, entitled "METHOD FOR THE FORMATION AND LIFT-OFF OF 
POROUS SILICON LAYERS", filed on March 9, 2001, which claims priority to U.S. 
Provisional Application No. 60/188,347, filed on March 9, 2000 and to EP Application No. 
00870040.3 filed March 10, 2000. 

[0002] This application further claims priority to, and hereby incorporates by 
reference the entire disclosure of, U.S. Provisional Application No. 60/417,069, entitled 
"METHOD FOR THE CONTINUOUS FORMATION AND LIFT-OFF OF POROUS 
SILICON LAYERS", filed on October 8, 2002. 

Background of the Invention 

Field of the invention 

[0003] The present invention relates generally to the field of micro-electronics. 
More particularly, this invention relates to the formation of porous silicon layers (PSL) and 
its lift-off in the manufacture of Silicon On Insulator (SOI) structures in the fabrication of 
photovoltaic cells. 

Description of the Related Art 

[0004] When manufacturing a solar cell, the top few microns of a silicon wafer 
actively participate in the conversion of solar energy. Most of the expensive silicon wafer 
provides mechanical strength to the cell. This function can be achieved by other low-cost 
substrates compatible with the solar cell fabrication process. Thus cost reduction may be 
achieved by providing a reduction in the use of silicon. 

[0005] Silicon on insulator (SOI) structures are known in the art, for example in 
the manufacture of low-cost solar cells with high efficiency. Some of the advantages are 
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prevention of latch-up, low parasitic capacitance, high-speed operation and the absence of a 
need for a welling process. 

[0006] In general, Figures 1A, IB, 1C, ID, IE, and IF illustrate a prior art 
technique for the formation of porous layer and its separation from the substrate. Generally, 
the formation and transfer of PSLs to other substrates involve the following steps: 

• Formation in a silicon substrate 1 of a low porosity layer 2 on the surface and a high 
porosity layer 3 thereunder by anodisation of silicon in hydrofluoric acid by changing the 
current density during the PSL formation. 

• Formation of a separation layer under the high porosity layer by high temperature 
annealing in hydrogen. This separation layer is a highly porous layer and is mechanically 
very weak. It can easily be broken by little mechanical force, e.g. by ultrasonic treatment 
or pulling. 

• Bonding of the obtained structure to another substrate using an adhesive. 

[0007] Formation techniques have been discussed by H.Tayanaka et al., 2 nd world 
conference and exhibition on photovoltaic solar energy conversion, Vienna, Austria, 1272 
(1998), and by T.J.Rinker et al., Applied Physics A, 68, 705-707 (1999), the entirety of each 
is incorporated herein by reference. 

[0008] Another approach, disclosed by T.Yonehara et al. in Electrical Society 
Proceedings, Volume 99-3, 111, uses mechanical grinding, selective etching and hydrogen 
annealing for transferring thin silicon epi layers on the other substrate, the entirety of which 
is incorporated herein by reference. The European patent application EP 0867920 discussed 
the use of a laser beam for the separation of the thin layer from the silicon substrate, the 
entirety of which is incorporated herein by reference. 

[0009] In U.S. Patent Nos. 5,778,869 and 4,465,550, methods and apparatuses are 
described for slicing solid materials, especially semiconductor ingots, the entirety of each are 
incorporated herein by reference. These methods create kerf loss, need expensive equipment, 
are limited to removal of thick film layers, e.g., greater than 50 /urn . Thus, there is a need in 
the art for a method and apparatus for the formation of substrate layer while minimizing the 
loss of substrate material as for instance kerf loss. 
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Summary of the Invention 
[0010] To overcome the problems of the prior art, the invention provides a 
method of slicing a semiconductor substrate. In one embodiment, the method comprises 
applying N times, where N is a finite number, the process of etching a surface of said 
semiconductor substrate with a time dependent concentration of F- F~(t) 9 and a time 
dependent current I, I(t), such that ([F~ , /],(*)»* =1,2,..., N) wherein T identifies a porous 
layer, until a porous layer having surface roughness SR(i) is formed and said porous layer is 
released from said substrate. The method further comprises removing the released porous 
layer i from the surface of said substrate, wherein SR(i) is maintained below a desired 
threshold level. 

[0011] In another embodiment, the invention provides an apparatus for the slicing 
of a semiconductor substrate. The apparatus comprises a container comprising at least one of 
first, second, third, and fourth holes, and an etching solution contained within said container. 
The apparatus further comprises an isolating material configured to protect at least a portion 
of said semiconductor substrate from said etching solution upon insertion into said container 
through said first hole and after exposing said substrate to said etching solution. The 
apparatus further comprises a controller configured to regulate insertion of said 
semiconductor substrate into said container and said etching solution. The apparatus further 
comprises an extractor configured to remove said released layer from said container via said 
second hole. The apparatus further comprises a first electrode connected to an unexposed 
portion of said substrate, and a second electrode located in said etching solution. The 
apparatus further comprises a voltage source configured to apply a voltage between said first 
and second electrodes. 

In yet another embodiment, the invention provides a method of slicing a 
semiconductor substrate, the method comprising applying a time-dependent current to a 
surface the semiconductor substrate that is immersed in a solution having a controlled 
concentration of F-. The method further comprises releasing a layer from the semiconductor 
substrate in response to the application of the time-dependent current for a period of time. 
The method further comprises repeating the applying and releasing steps using the same 
values of time-dependent current and concentration of F-. 
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Brief Description of the Drawings 
[0012] Figures 1A, IB, 1C, ID, IE and IF illustrate the prior art technique and 
shows the steps used for the formation of porous layer and its separation from the substrate. 
[0013] Figure 2 illustrates the experimental set-up. 

[0014] Figure 3A and 3B respectively are pictures of the interface between bulk 
silicon and porous layer just before separation and of the pore structure. 

[0015] Figure 4 illustrates the electrochemical etching reaction at the interface of 
the HF solution and silicon. 

[0016] Figures 5 A to 5D illustrate the porous silicon layer formation and its 
separation mechanism from the reusable substrate. 

[0017] Figure 6 illustrates a continuous production of thin semiconductor films 
from a silicon ingot by repetition in accordance with one embodiment of the invention. 

[0018] Figure 7 illustrates continuous production of thin semiconductor films 
from a silicon ingot by repetition in accordance with another embodiment of the invention. 

[0019] Figure 8 illustrates continuous production of thin semiconductor films 
from a silicon ingot by repetition in accordance with yet another embodiment of the 
invention. 

[0020] Figure 9 illustrates continuous production of thin semiconductor films 
from a silicon ingot by repetition in accordance with another embodiment of the invention. 

[0021] Figures 10(a), 10(b), 10(c), 10(d), 10(e) and 10(f) show AFM micrographs 
of a Si substrate surface (a) with a porous silicon layer formed on a polished substrate ; (b) 
after 1 PS film lift-off or separation ; (c) after 2 PS film lift-off; (d) after 3 PS film lift-off; 
(e) after 5 PS film lift-off ; and (f) a two-dimensional graph illustrating surface roughness 
versus 'number of lift-offs', respectively. 

Detailed Description of the Invention 
[0022] In relation to the appended drawings the present invention is described in 
more detail below. Several embodiments are disclosed. It is apparent however that a person 
skilled in the art can recognize several other equivalent embodiments or other ways of 
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practicing the present invention, the spirit and scope thereof being limited only by the terms 
of the claims. 

[0023] In one embodiment, the present invention provides a technique of 
formation and lift-off (separation) of thin film from the substrate. With this approach the 
remaining wafer (after removing thin layer) can be used again as starting product for 
manufacturing more thin films. 

[0024] In one embodiment, the invention of formation and separation of PSL may 
be implemented with a single step as compared to multiple, complex steps required in other 
existing approaches. Porous silicon layers are formed by anodization, which is the 
electrochemical etching of silicon in the solution based on hydrofluoric acid. If one carries 
out the anodization for a sufficient time and for a given current density, pores travel straight 
down in the silicon. When a certain pore depth is reached, the concentration of fluoride at the 
point of the reaction decreases. Branching of the pores gives rise to the separation layer. The 
separated layer can be used for any desired use. Thus, in this way, one can avoid the 
following steps of the formation and separation of thin film from the substrate: 

(a) No replacement of the solution comprising F" ions is required. 

(b) No change in the current density is required for forming double porosity 
structure. 

(c) No high temperature annealing in hydrogen is required for making the 
separation layer. 

(d) No mechanical force is required to separate the layer from the substrate. 

[0025] Another approach, which provides better control over the separation of the 
layer from the substrate, involves two steps. In the first step one carries out the 
electrochemical etching as stated above and in the second step one exploits an electro- 
polishing regime for the formation of the separation layer. 

[0026] Embodiment(s) of the invention is described by reference to examples 1 to 
4. The example 1 describes the set-up used for the porous silicon formation. Porous silicon 
formation and its separation from the reusable substrate by electrochemical etching are 
described in the example 2. Formation mechanism of a separation layer or a detached layer is 
described in the example 3. In example 4, the electrochemical reaction is limited by the 
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fluoride ion in the solution, known as electro-polishing. The combination of electrochemical 
etching and electro-polishing with certain conditions can be used for the PSL and its 
separation from the reusable substrate. 

Example 1 : Experimental setup. 

[0027] Figure 2 illustrates the experimental set-up used for the porous silicon 

layer formation. Reference numeral 1 1 is the hydrofluoric acid solution. In the porous silicon 

formation the platinum electrode 10, which is resistant against hydrofluoric acid, acts as a 

negative electrode. The bottom plate 7 (e.g. stainless steel plate), which is in contact with the 

silicon wafer 1 (polished side up), acts as cathode. The rubber ring 8 prevents the outflow of 

the solution from the contact area of the Teflon® beaker 9 and wafer substrate 1. The rubber 

ring 8 is kept under pressure by the beaker 9, which in turn is pressurised by a stainless steel 

threaded ring (not shown). 

Example 2: 

[0028] Experiments were carried out with a mixture of HF, acetic acid and 
deionised water in which the concentration of HF varies between the different experiments 

from 10% to 40% and current density varies from 25 mA/cm2 to 200 mA/cm^. The acetic 
acid is used as a wetting agent, and provides enough functionality to obtain a good pore 
distribution. Ethanol could also be used, but for environmental reasons acetic acid is 
preferred. For a given current density and for a given HF concentration, formation of the 
separation layer or a very high porosity layer or a detached layer as shown in Figure 3A is 
obtained when the reaction is continued after a certain time. The low porosity layer 12, high 
porosity (separation) layer 13 just before lift-off and silicon wafer substrate 14 are visible on 

figure 3 A. For a 25% HF solution and for 150 mA/cm^ current density this time is around 
45-55 second and the thickness of the thin layer obtained is around 7 to 10 microns. Different 
layer thickness can be achieved by changing the current density and HF concentration in the 
solution. During the etching the pore extends downward in the silicon wafer as shown in 
Figure 3B. Pores are not perfectly cylindrical in shape. For all experiments highly doped 
silicon wafers of orientation <100> were used. 

Example 3: 
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[0029] Electrochemical etching of silicon occurs at the HF solution/silicon 
interface when subjected to the flow of current. When a hole coming from the bulk silicon 
reaches to the interface, the Si-H bonds is replaced by Si-F bond due to an attack by a 
fluoride ion from the HF solution. The polarization induced by these Si-F bond lowers the 
electron density of the Si-Si bond and these are broken too. Silicon dissolves as tetravalent 
silicon fluoride (SiF4), which reacts with HF and produces fluorosilicic acid (T^SiFg). This 

electrochemical reaction is limited to the holes and results in pore formation. Figure 4 
illustrates the interface between bulk silicon and the HF solution where pore formation 
occurs. The numeral 15 indicates bulk silicon, 16 is the HF solution, 17 designates the holes, 
18 are the fluoride ions and 19 is the interface. 

[0030] Once the pore formation starts at a certain position, it goes straight down 
in silicon as shown in Figure 5. The numeral 21 indicates bulk silicon, 22 indicates pores and 
23 indicates the point of reaction. When the pores are not deep enough the reaction occurs at 
the bottom of the pore as shown in Figure 5A and 5B. At this time, there are sufficient 
fluoride ions available at the bottom but certainly less than the number of fluoride ions 
available at the surface since they have to diffuse through the pore to the point of reaction. 
Porosity of the layer increases with decrease in the concentration of HF in solution. Although 

the initial F~ containing solution is not replaced, an in-situ change of concentration is 
obtained. Therefore as we go deeper, porosity of the layer increases. The porosity gradient 
occurs from the point where the availability of the fluoride ion is affected by the diffusion 
through pores. 

[0031] As pores go sufficiently deep in silicon, the fluoride ion concentration at 
the point of reaction reduces to a very low level as compared to the surface concentration. 
This results in the shift of the point of reaction to a slightly higher level because of very high 
resistance of the lowest part of the pore as shown in Figure 5C and 5D. This shift in the 
reaction gives rise to the formation of the branches of the pores as shown in Figure 5E and 
5F. In Figure 5E the numeral 24 indicates a hydrogen molecule and 25 is the direction of the 
hydrodynamic force exerted by the molecule. For every dissolution of a silicon atom, one 
hydrogen molecule results as a product of the electrochemical etching. The hydrogen 
molecules exert force on the walls of the pores. At some points, because of the branching of 
pores the walls becomes very thin and not able to withstand the hydrodynamic pressure 
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exerted by the hydrogen molecules. This results in horizontal cracks 26 in the layer. The 
presence of sufficient horizontal cracks results in the separation of the layer from the 
substrate. The layer can then detach from the substrate as shown in Figure 5G and H. 

Example 4: 

[0032] For the case of 25 % HF solution and 150 mA/cm2 current density the 
separation of the PSL occurs at around 45-55 seconds. Because of the high current density, 
reaction occurs very fast. The centre portion of the layer gets detached with the wafer but the 
periphery remains attached with the silicon because of the construction of the experimental 
set-up. Therefore after the formation of separation layer if the reaction is allowed to continue, 
the by-product, hydrogen, gathers underneath the layer and exerts pressure on the film. The 
film breaks because of this pressure. Therefore, exact control of the reaction is required. 

[0033] In another approach, which comprises two steps, one can exploit the use of 
electro-polishing together with the electrochemical etching for the formation of separation 
layer. For the purpose of this invention, polishing shall be understood as etching a rough 
surface such that the uneven topography of the surface decreases. Electrochemical etching is 
carried out with the set-up described in example 1 . In the first step one forms porous silicon 
layer and in the second step changing the solution from high concentration to low 

concentration of F" results in electro-polishing. For example in the first step one uses 25% 

HF and 150 mA/cm^ current density during 45 seconds. For the second step one uses a 
solution of low HF concentration, for example 17%. The reaction at the interface is limited 
by the fluoride ion concentration and electro-polishing at the interface of bulk silicon and 
porous layer occurs. The time required to form a separation layer in the second step varies 
from 60 seconds to 80 seconds. This electro-polishing effect can also be obtained by keeping 
the same solution, but changing (augmenting) the current. 

[0034] In yet another approach, one can control the reaction that occurs at the 
deepest porous layer in such a way that no horizontal cracks occur. This can e.g. be done by 
halting the current for a short period just before the time that separation would normally 
occur, and then applying the current again for a short period. By doing this repeatedly, one 
can obtain high-thickness porous layers easily. A thickness of 70 urn is readily obtainable. 
Applying the current for a sufficient amount of time for horizontal cracks to occur can easily 
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separate such thick porous layers from the substrate. Pausing the application of current 
allows the hydrogen to escape from the pores and can thus postpone the formation of 
horizontal crack due to hydrogen pressure. 

[0035] In one embodiment, a constant current and concentration of etching 
solution are used. The present invention provides a remaining wafer (after removing a first 
thin layer) which can be used again as starting product for manufacturing more thin films. 

[0036] Other techniques include performing different steps to produce a 
transferable porous layer. Each of these different steps can be characterised by a specific 
concentration of etchant, such as HF, and a specific electrochemical etching current. 

[0037] Moreover a time dependent electrochemical etching current and/or a time 
dependent etchant concentration are possible. 

[0038] As described above an example is provided which provides a better 
control over the separation of the layer from the substrate, and comprises two steps. In the 
first step one carries out the electrochemical etching and in the second step one exploits an 
electro-polishing regime for the formation of the separation layer. 

[0039] After separation of porous silicon film from the original substrate the 
concentration of HF resumes to initial condition on the surface of the remaining silicon 
substrate. If the application of anodic current is not hindered, formation of porous silicon 
continues at the surface of remaining silicon and separation of another porous silicon film 
can be obtained. In principle this process of resumption of HF at the surface of remaining 
silicon substrate, formation of porous silicon and separation of the porous film can go till the 
entire wafer is used up. Instead of a silicon wafer, one may use a one-meter long silicon ingot 
(as shown in for instance Fig. 6), out of which for instance 50,000 porous silicon films of 
about 20 \xm thickness can be obtained without loosing material in the form of kerf loss. 
Wire sawing techniques, typically used for cutting substrates from an ingot, introduce a high 
level of kerf loss. 

[0040] In one embodiment, the invention provides such an advantage of re-using 
the same silicon substrate several times because the remaining silicon substrate retains good 
surface quality after one or more PS film separations. In particular, it is desirable to maintain 
the Si substrate surface roughness low. A deteriorated surface may result in a defective 
epitaxial layer. 
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[0041] Figs. 10a - lOe illustrate the evolution of the roughness for consecutively 
produced thin films. Atomic Force Microscopy (AFM) is used to study the roughness of the 
Si substrate surface after one or more lift-offs. A substrate surface represents the surface of 
the porous film being separated, which acts as a base for a subsequent epitaxial layer 
deposition. Therefore, it is desirable to study the substrate surface, instead of the surface of a 
free-standing and separated film. This is especially beneficial because the PS formation 
increases the roughness only by less than 1 nm, while analyzing free-standing films is 
troublesome. 

[0042] Starting with the polished silicon substrate, the surface roughness, first, 
increases on formation of PS and increases further as a result of the PS film separation. 
Indeed, the separation of the PS film from the substrate occurs from a high porosity layer, 
which is expected to be rougher. In order to study the substrate surface roughness behavior 
after multiple film separation, a set of experiments has been performed for both OSS (One 
step Separation) and TSS (Two step separation) methods. The results of the study are 
summarized in Table 1. For the OSS the following set of parameters was used : 16%HF 
(80 :170 ::HF :CH3COOH, a constant current of 75mA/cm2 ; automatic film separation 
appears after 150 sec.) For the TSS the following set of parameters was used: 16%HF 
(80 :170 ::HF :CH3COOH) in a 1st step : a current of 50mA/cm2 for 150 sec, and in the 2 nd 
step a current ranging from about of 50 to 250mA/cm2 in increasing current increments of 
about 20mA/(cm2.sec). Separation occurred when the current reached to an amplitude of 85 
mA/cm2. 
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[0043] Tab.l: Study of Si substrate surface roughness after multiple porous 

silicon film separation performed for both OSS and TSS method 

[0044] The third column in the Table 1, having the heading 'sample surface history', 
presents the number of times the sample was used to lift-off a PS film before analysis. The 
surface roughness was measured on the surface of the as-prepared substrate immediately 
after lift-off, after PS formation. The substrate surface roughness immediately after a single 
lift-off, and after porous silicon formation on the lift-off surface, was measured and 
compared (see, e.g., sample 02 and 03. It can be seen from Table 5-1 that on PS formation, 
the roughness increases from 12.38 to 13.50 nm. This supports the proposition that instead of 
studying surface of a free-standing PS film, study of remaining substrate surface is equally 
valid. 

[0045] Electropolishing of the substrate surface after the lift-off is studied with 
the purpose that, if the substrate surface roughness increases to an unacceptable level, the 
smoothing of the surface can be achieved with electropolishing. Electropolishing of the Si 
substrate can be carried out without additional effort, since it requires same experimental set- 
up and parameters (Electrolyte containing HF and current supply) as that of PS formation, 
but different magnitudes. 

[0046] The AFM micrographs of the Si substrate surfaces after one and more lift- 
offs, using OSS method, are shown in Fig. 10, from (a) to (e), and the trend of the substrate 
surface roughness variation with respect to 'number of lift-offs' for which the substrate has 
been used prior to roughness measurements is presented in Fig. 10(f). Since the separation of 
the PS film occurs from the high porosity layer containing the pores with diameters up to 60 
to 80 nm, the surface after the first PS film lift-off is expected to be rougher than the starting 
surface roughness. It can be seen from Fig. 10(f) that the substrate surface roughness (RMS 
value) increases with the 'number of lift-offs'. But the roughness does not increase 
indefinitely with the 'number of lift-offs', and the roughness appears to converge to a value 
of about 20 nm after 3 to 4 lift-offs. 
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[0047] The remaining substrate surface roughness appears to be independent of 
'number of lift-offs', which is manifested in Fig. 10(f). Since each PS film separation occurs 
from the high porosity layer and it is the feature of the high porosity layer (how slow or fast 
transition from high porosity to 100% porosity, from where the PS film separates) that 
determines the micro level roughness of the remaining Si substrate, which is controlled by 
the PS formation parameters, current density and HF concentration. Moreover, the thickness 
of the free-standing film is homogeneous across the entire film area, and the macro level 
roughness of the substrate also remains the same with the more PS film list-offs. Surface 
roughness of 20 nm is in the acceptable range for depositing good quality epitaxial layers. 

[0048] It is believed that additional steps in the electropolishing regime can 
improve surface roughness or can change the convergence value for the surface roughness if 
the same set of currents and concentrations are applied repeatedly. In one embodiment, the 
repeated application of same set of currents and concentrations can be applied to any type of 
lift-off process, including those processes described in U.S. Patent No. 6,326,280 issued to 
Tayanaka and U.S. Patent No. 6,350,702 issued to Sakaguchi et al., the entire disclosure of 
each is incorporated herein by reference. 

[0049] It can be seen from Tab. 1 that a repetition of the same TSS step has the 
potential to converge to a surface roughness value that is smaller than that of a repetition of 
the same OSS step. 

[0050] An apparatus for continuous production of thin films is depicted in Fig. 6. 
An ingot 30 comprises a semiconductor material 32, preferably silicon. The ingot 30 slides 
into a container 34 and a voltage potential is applied between the ingot 30 and an electrode 
36 essentially situated inside the container 34, which is filled with an HF solution 38. This 
can be done in a controlled way such that the speed at which the ingot 30 is introduced into 
the HF bath is substantially synchronised with the lift off rate of the thin films 40, which may 
be a function of the current and the concentration of HF in the solution 38. This can also be 
done in a controlled way by, for instance, sensing the lift-off of a layer and automatically 
introducing another piece of ingot 30 into the HF solution 38 in the container 34, 
corresponding to the desired layer thickness. It is desirable to have the side surface 31 of the 
ingot 30 be as much as possible preserved from contact with the HF solution 38, which can 
be achieved by letting the ingot 30 slide into the container via an isolation tube 42, which 
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protects it from HF on the side surface 31see, e.g., Fig.6 and Fig.9). The 'isolation tube' 42 is 
defined by the function of preserving the ingot 30 from contact with the HF solution 38 and 
possibly guiding the ingot 30. 

[0051] Another apparatus for the continuous production of thin film is depicted in 
Fig. 7, similar to the one of Fig. 6. Here the ingot 30 is introduced into the HF bath from the 
top surface 50, such that the lifted off films 40 automatically separate from the ingot 30 
caused by the force of downward gravity 52, thereby allowing and the formation of the next 
film. 

[0052] Additionally an extraction apparatus 54 can be inserted in the apparatus as 
mentioned above, the apparatus comprising a grid 56 comprising an appropriate material (see 
Fig. 8). 

[0053] The grid 56 may be positioned under the lift-off area and used to catch the 
lifted off layers or thin films 40. After catching at least one (1) layer, but possibly more than 
one layer, the extraction apparatus 54 may be removed from the container 34 and the thin 
film or films 40 can be put into further processing. The porous thin film layers 40 may be 
annealed before further processing. The grid 56 may be made out of a material such that it 
does not or only slightly influence the anodic current, such that it does not interact with the 
thin film material and such that it does not stick to the grid 56. 

[0054] In one embodiment, the container 34 may be attached to a circulation 
system, which keeps the HF concentration in the container 34 at a desired, preferably 
constant, level. 

[0055] In one embodiment, the anode current applied between the ingot 30 and 
the electrode 36 does not vary substantially and is essentially constant during the processing 
of the entire ingot 30. The resistance of the ingot 30 can stay essentially constant during the 
processing of the full ingot 30, since the ingot 30 is typically conductive. 

[0056] The grid 56 of the extraction apparatus 54 may contain a sensor to indicate 
the presence of one or more thin films on the grid 56. 

[0057] The speed at which the ingot 30 is introduced into the HF bath may be 
substantially synchronised with the lift off rate of the thin films 40, which may be a function 
of the current and the concentration of HF in the solution. 
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[0058] The layer thickness of the lifted off layers 40 may be a function of the 
anode current and the concentration of HF in the solution 38. 
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